Hoodia gordonii is a plant species used traditionally in southern Africa to suppress appetite. Recently, it has been associated with a significant increase in blood pressure and pulse rate in women, suggesting sympathomimetic activity. The present study investigated the possible antidepressant-like effects of acute and repeated (15 days) administration of H. gordonii extract (25 and 50 mg/kg, po) to mice exposed to a forced swimming test (FST). Neurochemical analysis of brain monoamines was also carried out to determine the involvement of the monoaminergic system on these effects. Acute administration of H. gordonii decreased the immobility of mice in the FST without accompanying changes in general activity in the open-field test during acute treatment, suggesting an antidepressant-like effect. The anti-immobility effect of H. gordonii was prevented by pretreatment of mice with PCPA [an inhibitor of serotonin (5-HT) synthesis], NAN-190 (a 5-HT 1A antagonist), ritanserin (a 5-HT 2A/2C antagonist), ondansetron (a 5-HT3 A antagonist), prazosin (an a1-adrenoceptor antagonist), SCH23390 (a D 1 receptor antagonist), yohimbine (an a2-adrenoceptor antagonist), and sulpiride (a D 2 receptor antagonist). A significant increase in 5-HT levels in the striatum was detected after acute administration, while 5-HT, norepinephrine and dopamine were significantly elevated after chronic treatment. Results indicated that H. gordonii possesses antidepressant-like activity in the FST by altering the dopaminergic, serotonergic, and noradrenergic systems.
Introduction
Depression is one of the most prevalent chronic neuropsychiatric disorders that affects up to 20% of the population around the globe (1) . Although several classes of antidepressants are currently being used in the treatment of this disorder, because of limited efficacy and undesirable adverse effects of treatments, chronic and recurrent depression is still present at high rates. Accordingly, there is growing interest in the development of efficient and safe drugs as alternative therapeutics for the management of this mental illness (2) .
Traditional medicine from around the world relies on the use of a wide variety of medicinal plants. In recent years, an increasing number of studies have demonstrated numerous plant species exhibiting a variety of promising pharmacological properties, including actions on the central nervous system (CNS), such as anxiolytic and antidepressive effects (3) (4) (5) .
Hoodia gordonii (Masson) Sweet ex Decne is a cactus-like succulent species from the Apocycnacaea family used traditionally among the San tribe of southern Africa to suppress appetite when away on long hunting trips (6) . This traditional use was further validated in initial exploratory research when an oxypregnane glycoside (P57) was proposed as the active compound related to weight loss induced by administration of H. gordonii to female rats (7) . From these studies, H. gordonii has gained increasing interest as a natural appetite suppressant in weight management, and products containing the species have been marketed in several countries around the world. However, because of the absence of scientific evidence for its efficacy and safety, the sale of H. gordonii was prohibited in Brazil by the National Health Surveillance Agency in February 2007.
In a recent study, the administration of a purified extract of H. gordonii was associated with a significant increase in the blood pressure and pulse rate of women, suggesting possible sympathomimetic activity (8) .
Although the effects of this plant on food intake are the focus in the literature, some sympathomimetic activity related to mood disorders could also be detected from H. gordonii. However, this hypothesis has still not been explored. Taking this into consideration, the present study investigated a possible antidepressant-like action of acute and chronic doses of H. gordonii extract administered to mice and tested in the forced swimming test (FST) (9) , one of the most common animal models used for screening antidepressant drugs.
The FST is also an important tool for studying the neurobiological mechanisms involved in antidepressant responses. In fact, numerous studies have shown that the modulation of the serotonergic, noradrenergic, and dopaminergic systems in this animal model underlies the behavioral effects of several antidepressants (10, 11) . Thus, bearing in mind the monoaminergic theory of depression, the involvement of serotonergic, noradrenergic, and dopaminergic systems on the effects of H. gordonii in the FST was investigated. Furthermore, with the aim of corroborating the results from these studies, we also conducted a neurochemical analysis of brain monoamines in the animals, using high-performance liquid chromatography (HPLC).
Material and Methods

Animals
Male Swiss mice (25-30 g) maintained on a 12:12-h light-dark cycle were used in this study. All experiments were carried out at an ambient temperature of 24±26C with access to food and water ad libitum. Animals were treated in accordance with current law and the National Institutes of Health Guide for the Care and Use of Laboratory Animals. The study was performed with the consent of and under surveillance by the Committee of Ethics in Animal Research (protocol #05/12) of the Departamento de Fisiologia e Farmacologia, Universidade Federal do Ceara´, Fortaleza, CE, Brazil.
Drugs
In this study, a commercial dry purified extract of H. gordonii was used, legally imported from Naturalmedis (UK). This product is manufactured in accordance with the requirements of the Medicines and Healthcare Products Regulatory Agency in the United Kingdom. The active ingredient content (P57) is guaranteed through regular analyses performed by the company's Laboratory for Quality Control. Also, the material was shown to be free of microbiological contamination and was at a dilution of 20:1. The purchase of the substance was made for research purposes. For the use of the drug in our experiments, H. gordonii was emulsified in 0.3% Tween 20 (Sigma, USA) and diluted in distilled water. The extract was administered orally to mice, at doses of 25 and 50 mg/kg in a single dose or for 15 consecutive days.
The additional drugs used is this study were: 10 mg/kg imipramine (IMI; Geisy, Brazil), 1 mg/kg prazosin (PZS; Sigma), 1 mg/kg yohimbine (YOHI; Sigma), 0.05 mg/kg SCH23390 (Sigma), 50 mg/kg sulpiride (Sigma), 100 mg/ kg p-chlorophenylalanine methyl ester (PCPA; Sigma), 0.5 mg/kg NAN-190 {1-(2-methoxyphenyl)-4-[4-(2-phthalimido)butyl]piperazine, Sigma}, 1 mg/kg ondansetron (Sigma), 1 mg/kg ritanserin (Sigma), and 35 mg/kg fluoxetine (FLU; Sigma). All drugs were diluted in distilled water and administered by the intraperitoneal (ip) route.
FST
To investigate the effects of the drug in the FST, different groups of mice received 25 and 50 mg/kg (po) H. gordonii or vehicle (po) acutely for 15 consecutive days. Subsequently, 60 min after the last administration, animals were tested in the FST. IMI (10 mg/kg, ip) was used as the positive control.
The test was conducted using the method of Porsolt et al. (9) with minor modifications. This model is a wellknown screening tool for potential antidepressant drugs. Mice were placed inside a 25-cm glass cylinder (14 cm diameter) containing 20 cm of water maintained at 24±26C and were forced to swim for 6 min: 2 min to adapt to the environment and 4 min to register immobility time (12, 13) . Their immobility time was recorded. A mouse was considered immobile when it remained floating in the water, without struggling, making only very slight movements necessary to keep its head above water. Drugs with antidepressant activity reduce that parameter (immobility time), while depressant drugs exert the opposite effect.
Because H. gordonii decreased the immobility of mice in the FST, the present model was also used to determine the possible involvement of the monoaminergic system on this action. Thus, to assess the possible contribution of the serotonergic system, mice were pretreated with 100 mg/kg, ip, PCPA, an inhibitor of serotonin (5-HT) synthesis, or vehicle, once a day, for 4 consecutive days. Then, 24 h after the last PCPA or saline injection, animals were treated with 50 mg/kg, po, H. gordonii or vehicle, and were tested in the FST 1 h later. Additional groups received 35 mg/kg, ip, FLU [a selective serotonin reuptake inhibitor (SSRI)] 24 h after the last PCPA or saline injection, and 30 min later were tested in the FST. Involvement of the 5-HT receptor subtypes was also investigated. Animals were pretreated with 0.5 mg/kg, ip, NAN-190 (a 5-HT 1A receptor antagonist), 1 mg/kg, ip, ritanserin (a 5-HT 2A/2C receptor antagonist), or 1 mg/kg, ip, ondansetron (a 5-HT 3A receptor antagonist), and 30 min later they received 50 mg/kg, po, H. gordonii or vehicle, and 1 h later animals were tested in the FST.
To investigate the role of the noradrenergic system on the effects of H. gordonii, mice were pretreated with 1 mg/ kg, ip, prazosin (an a1-adrenoceptor antagonist) or 1 mg/ kg, ip, YOHI (an a2-adrenoceptor antagonist). Additional groups of animals received 0.05 mg/kg, ip, SCH23390 (a dopamine (DA) D 1 receptor antagonist) or 50 mg/kg, ip, sulpiride [a DA D 2 receptor antagonist] to evaluate the dopaminergic involvement. Thirty minutes after treatments, mice received orally 50 mg/kg H. gordonii or vehicle, and 1 h later, they were tested in the FST.
The doses and administration schedule of the above protocols were chosen on the basis of previous study protocols, and data from the literature confirmed the selectivity and efficacy of the above-mentioned treatments at the concentrations used (14) (15) (16) . Also, the observer was blinded to the treatments.
Open-field test (OFT)
To investigate general locomotor activity, mice were treated with H. gordonii (25 and 50 mg/kg, po) or vehicle (po) acutely or for 15 consecutive days and were exposed to the OFT 60 min after the last administration. IMI (10 mg/kg, ip, a classical antidepressant) was used as a positive control.
The OFT involves an apparatus made of an opaquePlexiglas box (40630620 cm) with the floor divided into 9 equal squares. Each animal was gently placed in a corner of the apparatus and its behavior was observed during a 5-min session. A blind observer registered the number of times the animal entered each square (counts per 5 min), a count is considered when the animal totally crosses from one square to the next. A change in the number of counts with respect to the control group is considered as an alteration of locomotor activity (17) .
Monoamine level determination
For determination of monoamine levels, control and H. gordonii groups (25 and 50 mg/kg) were treated acutely or for 15 consecutive days (po) and killed 1 h after the last treatment. The brain striatum of the mice was dissected on ice for the preparation of a 10% homogenate (10% w/ v) that was sonicated in 0.1 M HClO 4 , for 30 s and centrifuged at 20,375 g, for 15 min, at 46C. Supernatants were removed and filtered through a membrane (Millipore, Brazil, 0.2 L). A 20-mL sample of the supernatant was then analyzed by HPLC (Shimadzu, Japan). Concentrations of norepinephrine (NE), DA, and serotonin (5-hydroxytryptamine or 5-HT), and their metabolites, 4-hydroxy-3-methoxy-phenylacetic acid (DOPAC), homovanilic acid (HVA), and 5-hydroxyindoleacetic acid (5-HIAA), were detected. Additionally, DA turnover is reported as the ratio of DOPAC to DA (intracellular DA turnover) or HVA to DA (extracellular DA turnover), while 5-HT turnover is reported as the ratio of 5-HIAA to 5-HT.
Statistical analysis
The results are reported as means±SE. Data were analyzed by one-way ANOVA followed by the Newman Keuls post hoc test. Values were considered to be statistically significant when P,0.05 compared to the control.
Results
Effect of H. gordonii on immobility time in the FST Figure 1A revealed that the immobility time of animals in the FST was reduced in a significant manner after acute administration of H. gordonii at doses of 25 mg/kg and 50 mg/kg (H25 and H50) compared to control (df: 28; F: 13.49, P,0.001). IMI-10 (10 mg/kg, ip) was used as the positive control and, as expected, induced similar alterations (df: 28; F: 13.49), P,0.001). Figure 1B shows that animals treated for 15 consecutive days at doses of 25 mg/kg (df: 28; F: 5.36, P,0.05) and 50 mg/kg (df: 28; F: 5.36, P,0.01) also reduced immobility time compared to the control group. IMI-10 was once again effective as the positive control (df: 28; F: 5.36, P,0.01). Figure 2A shows the results of acute treatment with H. gordonii in the OFT. Animals treated with the extract did not alter their locomotor activity when either dose was used compared to the control, and gave results similar to the antidepressant IMI (df: 27; F: 2.74). In Figure 2B , animals treated for 15 consecutive days presented significant reduction of locomotor activity, and IMI did not change this parameter (df: 29; F: 15.32, P,0.001).
Effect of H. gordonii on locomotion in the OFT
Involvement of the serotonergic, noradrenergic, and dopaminergic systems on the action of H. gordonii in the FST
The results presented in Figure 3A show that pretreatment of mice with the inhibitor of 5-HT synthesis PCPA (100 mg/kg, ip, once per day for 4 consecutive days) was able to block the effects of H. gordonii (H50) in the FST (df: 99; F: 9.88, P,0.05). In a similar way, NAN-190 (5-HT 1A antagonist, 0.5 mg/kg, ip), ritanserin (Ritan; 5-HT 2A/2C antagonist, 1 mg/kg, ip), and ondansetron (Onda; 5-HT 3A antagonist, 1 mg/kg, ip) blocked the effects of H. gordonii (H50) (df: 99; F: 9.88, P,0.05). As expected, PCPA was able to reverse the antidepressantlike effects of FLU (35 mg/kg, ip) (df: 99; F: 9.88, P,0.05). Figure 3B demonstrates that pretreatment of mice with both the a1-adrenoceptor antagonist PZS-1 (mg/kg, ip) (df: 47; F: 7.87, P,0.05) and the a2-adrenoceptor antagonist YOHI-1 (mg/kg, ip) (df: 47; F: 7.87 P,0.05) was able to reverse the antidepressant-like effect of H. gordonii (50 mg/kg, po) in the FST.
The involvement of the dopaminergic system on the action of H. gordonii in the FST is shown in Figure 3C . Results show that the anti-immobility effect of H. gordonii (50 mg/kg, po) was significantly prevented by the pretreatment of mice with SCH23390 (0.5 mg/kg, ip), a dopamine D 1 receptor antagonist (df: 47; F: 4.5, P,0.05), and sulpiride (50 mg/kg, ip), a DA D 2 receptor antagonist (df: 47; F: 4.5, P,0.05).
Effect of acute and chronic administration of H. gordonii on levels of brain monoamines and metabolites Table 1 shows that animals treated with both doses of H. gordonii had increased serotonin levels in brain striatum, after acute (df: 20; F: 5.79, P,0.05) and chronic (df: 21; F: 4.30, P,0.05) treatments, compared to the respective control groups. On the other hand, only chronic administration of H. gordonii at 50 mg/kg induced a significant increase in the levels of NE (df: 20; F: 5.64, P,0.01) and DA (df: 23; F: 3.74, P,0.05).
Acute and chronic treatments with H. gordonii did not induce a significant change in 5-HT turnover (5-HIAA/5-HT) or intracellular (DOPAC/DA) and extracellular (HVA/ DA) DA turnover, compared to the respective control groups (data not shown).
Discussion
In this study, we showed that H. gordonii extract at doses of 25 and 50 mg/kg, administered acutely and for 15 consecutive days by oral gavage, induced a significant antidepressant-like effect on mice tested in the FST.
The FST remains one of the most common animal models used for screening potential antidepressant agents (18, 19) . This test induces a state of immobility in animals facing an inescapable situation (in a swim tank). Such immobility behavior has been hypothesized to reflect behavioral despair, which in turn may reflect depressive disorders in humans. Therefore, the antidepressant-like activity of a compound is expressed by a decrease in the immobility of animals submitted to forced swimming. This behavioral change is sensitive to major classes of antidepressant drugs even when administered acutely, including monoamine oxidase inhibitors, tricyclics, selective 5-HT reuptake inhibitors, and atypicals (9, 18, 20) . Thus, our results suggested an antidepressant-like profile from H. gordonii, also shown by known antidepressant drugs in clinical use, such as FLU, IMI, and others (9, 20, 21) .
Previous studies have shown that CNS stimulant drugs, such as cocaine or amphetamines, are able to decrease immobility in the FST. However, in contrast to antidepressants, stimulant drugs cause marked motor stimulation in tests that evaluate the general activity of animals. As such, this behavior profile is consistent with a false positive effect in the FST model and is often distinguished from the antidepressant-like reduction in immobility by assessing locomotor activity in the OFT (9, 21) . Thus, to investigate the possibility that H. gordonii reduced immobility by a stimulant action, mice were assessed for the ability to increase motor activity in the OFT. This experiment is a common measure of exploratory behavior and general activity in both mice and rats, and therefore it has been frequently used as a mechanism to assess sedative, toxic, or stimulant effects of compounds (22) .
Our findings showed that, similar to IMI (10 mg/kg), acute administration of H. gordonii at both doses tested (25 and 50 mg/kg) did not produce significant changes in locomotion of the animals in the open-field arena. However, there was a tendency toward an increase in locomotion at a higher dose (50 mg/kg). These results indicated that H. gordonii exerted a probable antidepressant-like effect in the FST at relatively low doses. Thus, further investigation is required to investigate a possible increase in ambulation using higher doses of H. gordonii. Similar behavioral changes can be observed for instance from bupropion, an effective DA reuptake inhibitor antidepressant used in clinical practice, which induces locomotion in animals only at high doses (23) .
For the chronic treatment, mice treated with H. gordonii at both doses, for 15 days consecutively, exhibited decreased locomotor activity in the OFT, whereas 10 mg/kg IMI was not able to change this parameter. Previous studies have demonstrated a similar decrease in locomotor activity from different antidepressants in the OFT, including acute and chronic IMI at doses as high as 20 or 30 mg/kg (21, 24) . Despite the decrease in locomotor activity in the open field, immobility behavior was decreased in the FST, suggesting that such effects from H. gordonii treatments were not due to an increase in locomotor activity of the mice. Taken together, our results in the FST and OFT suggest that H. gordonii at relatively low doses may act as an antidepressant-like agent.
The monoamine hypothesis of depression predicts that the underlying pathophysiological basis of depression is, at least in part, a depletion in the levels of 5-HT, NE, and/or DA in the CNS. This hypothesis appears to be supported by the mechanism of action of antidepressant drugs, which elevate the levels of these neurotransmitters in the brain. Because the FST also provides a useful model for investigating neurobiological mechanisms underlying antidepressant-like responses (25) , the involvement of serotonergic, noradrenergic, and dopaminergic systems on the effects of H. gordonii was also investigated using this test. With this aim, we investigated the effects of several pharmacological antagonists/modulators of these systems on the anti-immobility action of H. gordonii in mice.
Most antidepressant drugs in clinical use promote an increase in 5-HT availability by directly inhibiting serotonin reuptake, affecting serotonin turnover in the brain, and also interacting with 5-HT 1A , 5-HT 2 , and 5-HT 3A receptors (26, 27) . In this sense, studies show that PCPA (an inhibitor of tryptophan hydroxylase) administrated to mice or rats for 4 consecutive days is able to deplete the endogenous stores of 5-HT (by about 60%) and prevent the antidepressant-like effect of 5-HT reuptake inhibitors (SSRIs) like FLU in the FST (28), consistent with the hypothesis that SSRI compounds elicit their acute behavioral effects by increasing extracellular 5-HT. In the present study, the reduction of brain 5-HT by pretreatment of mice with PCPA prevented the antidepressant-like effect of H. gordonii, suggesting that the mechanism underlying its effect is possibly dependent on an increase in 5-HT levels in the synaptic cleft. Participation of the serotonergic system is reinforced by demonstrating that the effects of H. gordonii were also reversed by pretreatment with 5-HT 1A , 5-HT 2A/2C , and 5-HT 3A receptor antagonists, suggesting a probable involvement of these receptors in its antidepressant-like activity.
In parallel with the serotonergic system, the noradrenergic system is also strongly implicated in the pathophysiology of depression (29) . At least in part, depression seems to also be associated with a hypofunction of the noradrenergic system, so that some antidepressants act by increasing the synaptic availability of NE (26) . In this context, the a1-and a2-adrenoceptors have been shown to underlie some of the antidepressant-like responses of drugs in behavioral models of depression (29, 30) . Our results showed that pretreatment of mice with both prazosin and YOHI (a1-and a2-adrenoceptor antagonists, respectively) was able to reverse the antidepressant-like effect of H. gordonii. These findings indicated that the effect of H. gordonii in the FST involved, at least in part, an interaction with a1-and a2-adrenoceptors, suggesting the participation of the noradrenergic system in the antidepressant-like action induced by this plant extract Studies show that the dopaminergic system, in part, may also be implicated in the regulation of mood (31) . Currently, there is evidence from several reports regarding the efficacy of antidepressants related to the potentiation of dopaminergic neurotransmission in the treatment of depression (31, 32) . Our results showed that the dopaminergic system was also involved in the antiimmobility effect of H. gordonii through an interaction with both DA D 1 and D 2 receptors, because pretreatment of the mice with SCH23390 (a DA D 1 receptor antagonist) or sulpiride (a DA D 2 receptor antagonist) prevented the antiimmobility effect evoked by H. gordonii. These results are in accordance with previous studies, which have reported that the anti-immobility effect of tricyclic antidepressants such as IMI (and others) was related, at least in part, to D 2 receptors (32). Additionally, although the role of DA D 1 receptors in the action mechanism of antidepressants is still controversial, several studies have also shown their involvement in depression and on the action mechanism of antidepressants (33) .
Together, behavioral changes evoked by H. gordonii in the FST suggested an antidepressant-like effect after acute and repeated administration of the plant extract, which seem to be mediated by an interaction with the serotonergic, noradrenergic, and dopaminergic systems. Thus, in order to corroborate these findings, we additionally quantified monoamine (5-HT, NE, and DA) and metabolite (DOPAC, HVA, and 5-HIAA) levels in brain striatum of mice that received acute and chronic (15 days) treatment with H. gordonii (25 and 50 mg/kg, po). Although hippocampus, hypothalamus, and cortex areas have been strongly related to the antidepressant mechanism of several drugs (34) , studies show that the striatum is also a relevant brain area involved in the action of these compounds (35, 36) . For instance, Kreiss and Lucki (35) showed that acute and repeated administration of FLU (an SSRI) elevated the levels of 5-HT in the striatum of rats, while Ichikawa and Meltzer (36) showed that IMI (a tricyclic) significantly increased extracellular DA in the striatum.
Consistent with previous studies that show a strong relationship between the mechanism of antidepressants and changes in striatal monoamine levels, the present neurochemical analysis conducted by HPLC revealed significant increased levels of monoamines in brain striatum of mice treated with H. gordonii. Results showed that only 5-HT monoamine was significantly increased after acute administration of H. gordonii, at both doses tested, while an increase of all three monoamines (5-HT, DA, and NE) was observed after chronic administration at 50 mg/kg. These results corroborated our hypothesis that the antidepressant-like effect exhibited by H. gordonii extract in the FST is, indeed, related to the serotonergic, noradrenergic, and dopaminergic systems.
More specifically, our findings showed that the effects of H. gordonii are dependent on increases in 5-HT, NE, and DA levels in the synaptic cleft, mainly after repeated administration at higher doses, suggesting that neuronal adaptive changes may develop following long-term treatment that sustain higher levels of NE and DA than can be achieved following acute administration. In addition, elevated NE levels detected in this study are in accordance with previous reports that associate H. gordonii to significant increases in blood pressure and pulse rate (6) . However, it must be emphasized that only one discrete brain region was examined in this study and it is quite possible that functional changes occur at other sites.
In summary, the present study provided evidence indicating that acute and chronic (15 days) oral administration of H. gordonii extract at doses of 25 and 50 mg/kg exhibited a probable antidepressant-like effect in mice exposed to the FST. This action was not related to a psychostimulant effect in the OFT. Furthermore, behavioral alterations observed in the FST and OFT seem to be mediated, at least in part, by an interaction with the serotonergic, noradrenergic, and dopaminergic systems, including increases in monoamine (5-HT, NE, and DA) levels in the striatum of mice. Our results raise the perspective for further investigation on behavioral changes and neurochemical mechanisms involved in antidepressant-like effects elicited by H. gordonii. However, because the present results were obtained using a dry extract of the plant at a dilution of 20:1 and the substances contained in this extract were not used in the vehicle groups, future research is also required to confirm the present effects.
